ABSTRACT. Photocatalytic degradation of eosin and erythrosin-B (xanthene dyes) has been carried out using anthracene semiconductor immobilized on polyethylene films. Effect of various parameters like pH, concentration of dyes, amount of semiconductor and light intensity have been studied on the rate of reaction. Various control experiments were carried out which indicated that semiconductor anthracene played a key role in photocatalytic degradation of dyes. A suitable tentative mechanism has been proposed for photocatalytic degradation of dyes.
INTRODUCTION
Dye pollutants from the textile industries play a very important role in contaminating the environment. Environmental pollution by the wastewater containing dyes is setting an ecological problem and hazards to aquatic animals. About 15 % of the total world production of the dyes is lost during the dyeing process [1] .
Recently, heterogeneous photochemical processes using semiconductor as a photocatalyst have gained wide interest in treatment of effluents from textile industries [2] [3] [4] [5] [6] . In this process, semiconductor particles are irradiated with light energy equal to or greater than its band gap. It results in the formation of electron-hole pair. Electron is present in conduction band, whereas hole is present in the valence band. The field of photocatalysis has been extensively reviewed by many researchers [7, 8] . Punjabi et al. [9] studied the photoreduction of congo red by ascorbic acid and EDTA as reductants over cadmium sulfide as a photocatalyst. The photodegradation of dye pollutants on silica gel supported TiO 2 particles under visible light has been studied by Chen et al. [10] . Photocatalytic degradation of a textile azo dye (Sirius Gelb) on TiO 2 or Ag-TiO 2 particles in the absence and presence of UV radiations has been reported by Ozkan et al. [11] .
In the present investigation, the semiconducting properties of a readily available substance anthracene in colloidal form will be utilized for photocatalytic degradation of some xanthene dyes. Like other inorganic semiconductor photocatalysts, anthracene colloid also acts as an organic semiconductor. It absorbs photons to create electron -hole pair, which can participate in the redox reactions further. Since colloidal anthracene remains in form of suspension and creates a problem in the measurement of absorbance. Therefore, to avoid this problem an attempt has been made to immobilize colloidal anthracene on polyethylene films. The immobilized anthracene has been used for the photocatalytic degradation of dyes.
EXPERIMENTAL

Material and methods
Eosin (BDH, UK), erythrosin-B (CDH, India), anthracene (BDH, UK), glacial acetic acid (BDH, UK) and araldite (India) were of laboratory grade and were used as received. In all experiments aqueous solutions of the dyes (usually 10 -5 M at pH ≈ 7) were prepared.
For pH measurement a digital pH meter (Systronics Model 324, India) was used. A 200 W tungsten lamp (Phillips, India) was used for irradiating the reaction mixture in visible range. The light intensity was measured with the help of a solarimeter (Surya Mapi Model CEL 201, India).
The progress of the reaction was followed spectrophotometrically by measuring the absorbance of the reaction mixture at their respective λ max values at different time intervals. A spectrophotometer (Systronics Model 106, India) was used for measuring the absorbance of the reaction mixture.
Preparation of anthracene colloid and its mmobilization on polyethylene films
Anthracene colloidal suspension was prepared by dissolving 100.0 mg anthracene in 1.0 mL of warm glacial acetic acid. When this solution was poured into water, a milky white colloidal suspension of anthracene was formed. The colloidal suspension of anthracene was washed with water several times and then dried in an oven.
It was observed that the use of semiconductor colloidal anthracene creates problem in correct measurement of absorbance because it remains in the form of suspension. Therefore, an attempt was made to immobilize the colloidal anthracene on polyethylene films. Circular polyethylene films were cleaned and coated with araldite (insoluble in water). Then colloidal anthracene powder was spread evenly on the surface of polyethylene films. After air-drying the films were washed with water to release loosely bound particles of colloidal anthracene and films were dried at room temperature.
Photocatalytic degradation of dyes
For each observation 50.0 mL of dye solution (≈ 10 −5 M) was taken in a reaction flask and 0.04 g of semiconductor anthracene (immobilized on polyethylene films) was added to it. The infrared fraction of light was eliminated by keeping a water filter between irradiation source and reaction mixture. The pre-aerated reaction mixture was exposed to tungsten lamp. Absorbance of the reaction mixture was observed at regular time intervals.
In a control experiment, photocatalytic degradation was carried out in the presence of nonconducting alumina (Al 2 O 3 ) in place of anthracene. It was observed that there was no appreciable photodegradation of dyes in presence of alumina, indicating that for photodegradation of dyes semiconductor anthracene plays a key role.
In another control experiment, equal quantities of dye solution were taken in four beakers (50.0 mL dye solution in each). The first beaker containing dye solution was kept in dark, whereas the second beaker containing only dye solution was kept in sunlight. 0.04 g of semiconductor anthracene (immobilized on polyethylene film) was added to the third beaker containing dye solution and it was kept in dark, and 0.04 g of semiconductor anthracene (immobilized on polyethylene film) was added to the beaker containing dye solution and was exposed to sunlight.
These beakers were kept for four hours and absorbance of the solution in each beaker was measured by spectrophotometer. It was observed that the solutions of the first three beakers had the same initial absorbance while the solution of the fourth beaker had a decrease in its initial value of absorbance. The above experiment confirms that the reaction between dye and semiconductor anthracene is neither thermal nor photochemical but it is a photocatalytic reaction.
RESULTS AND DISCUSSION
Eosin dye
Erythrosin-B dye λ max = 515 nm λ max = 525 nm
The structure and λ max of eosin and erythrosin-B are shown above. By variation of different parameters like pH, dye concentration, amount of semiconductor and light intensity optimum conditions were obtained for photocatalytic degradation of each dye at their respective λ max values. Typical runs were obtained by plotting 1 + log A vs time. These plots were found linear indicating that photocatalytic degradation of dyes follow pseudo first order kinetics. The rate constant (k) was determined using following expression, k = 2.303 x slope For both dyes typical run data are presented in Table 1 and graphically in Figure 1 . It was observed that the rate of reaction was slightly higher if colloidal anthracene is used but a part of anthracene will be lost along with effluent. Therefore, the immobilized anthracene was used throughout the present investigation. 
Effect of pH
The influence of the pH on the rate of photocatalytic bleaching for both dyes is shown in Figure  2 . The degradation curves for dyes have been plotted between rate constant and corresponding pH values. The results show that photocatalytic bleaching of the dyes is strongly dependent on the pH of the solution. A weakly alkaline pH was found to be favorable for photocatalytic degradation of dyes. Photocatalytic degradation was studied in the pH range 6.0-10.0. It was observed that rate of reaction increases on increasing the pH, and after a certain pH, further increase in pH decreases the rate of reaction. Initially, when the pH is slightly acidic the rate increases due to availability of OH − ions in a concentration which is required for increasing the rate of reaction. These OH − ions generate
• OH radicals which are effective oxidizing species and responsible for photocatalytic degradation of dyes. As the pH of the reaction mixture was further increased (alkaline pH) more OH − ions are introduced in the reaction mixture, which make the surface of the semiconductor negatively charged. Repulsive forces start interacting between the negatively charged semiconductor surface and dye anions, thereby making the approach of dye anions on the surface of semiconductor difficult. It results in the decrease in rate of photocatalytic bleaching of dyes (Figure 2 ). 
--•
Effect of concentration of dyes
Photocatalytic bleaching increases with increase in the concentration of dyes. It may be attributed to the fact that as the concentration of the dye was increased, more dye molecules were available for excitation and energy transfer, resulting in an increase in rate of reaction. But beyond a certain concentration, an increase in concentration of dyes adversely affected the reaction rate. This is because at higher concentration dyes starts acting as a blanket or cover and will not permit the desired light intensity to reach the semiconductor surface, thus decreasing the rate of photocatalytic bleaching (Figure 3 ). Photocatalytic degradation was studied in the concentration range 0.25 x 10 -5 M to 2.25 x 10 -5 M.
Effect of amount of semiconductor
It was observed that rate of photocatalytic bleaching of dyes increase with an increase in the amount of the semiconductor. But after certain fixed concentration of semiconductor the rate becomes almost constant because higher concentration of semiconductor increases only thickness and not the surface area. Thus the active sites on semiconductor surface become constant at higher concentration, and therefore the rate too (Figure 4) . The photocatalytic degradation of eosin and erythrosin-B was studied in the range 0.010 g to 0.060 g. --
Effect of light intensity
An increase in the light intensity accelerated the rate of the reaction because any increase in the light intensity will increase the number of photons striking per unit area of semiconductor powder ( Figure 5 ). The photocatalytic degradation of eosin and erythrosin-B was studied in the range 20.0 -70.0 mWcm -2 . 
Mechanism
On the basis of the above findings following tentative mechanism for the photocatalytic degradation of dyes has been proposed. The reaction is initiated by the photoexcitation of ground state dye molecules to their excited singlet state which then undergo intersystem crossing to their triplet state. 
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